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(S) Waterfast Dye and Aqueous Ink. 

@ A dye is described of the structural formula 



QH 




00 



CL 
LU 



where 

R 1 is -H, -C0 2 M , -CH 3 , -OR3 or CI ; 

R 2 is C,_ 4 alkyl, C,. A alkoxy or -CH 2 C0 2 M ; 

R 3 is C^ 4 alkyl ; 

R 4 is -NH 2 , -NHR3, -NHCH 2 C0 2 H, or 



(where Rg is -H, d_ 4 alky or -C0 2 M and Re is -H or -NHJ and M is H, NH4, Na, K or Li, 
and wherein the total number of -C0 2 M groups is 1 to 3. 

The dyes are alkali-soluble and can be used in water-based inks. Printing from the ink is insoluble 
below pH 6.0, is an intense black at low concentration, and remains black on acid papers. The aqueous 
inks are stable and exhibit good printhead nozzle maintenance. 
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Technical Field 

This invention relates to dyes for use in aqueous, waterfast inks and to aqueous inks containing such dyes. 
Such inks may be printed or otherwise applied in any manner, but typically are applied by drop on demand 
s printing. 

Background Of The Invention 

The dye molecule of this invention when applied to ordinary paper is highly waterfast against ordinary wa- 

10 ter and highly color-stable on basic paper. Since the dye is soluble in water having basic pH, an aqueous ink 
is achieved by formulas combining the dye and ammonia, as conventional for base-soluble dyes. 

A number of dyes having similar, but not the same, structural formulas, are known and are found in the 
following list of references. However, no dye is known which provides the same excellent waterfastness and 
color fidelity as the dye of this invention when printed as a single ingredient on ordinary paper. The mechanism 

15 is not understood since similar molecules lack color fidelity significantly when applied to acid papers. The ref- 
erences are the following: U.S. Patent Nos. 4,963,189 to Hindagolla; 4,841 ,037 to Ohta et al; 4,626,284 to Ohto 
et al; 4,594,410 to Pedrazzi; 4,143,035 to Stingl; 4,083,840 to Schoefberger; 2,265,425 to Fischer et al; 
2,227,546 to Krebser; 2,112,920 to Mendoza; 1,913,382 to Gubelmann et al; 1,365,040 to Learning; and 
2, 1 93,729 to Krebser; European Patent Application 356,080, application number 893081 57.0, filed August 1 0, 

20 1989; German Patentschrift No. 723,224, dated Sept. 1 7, 1 942; Great Britain No. 41 8,454; dated Nov. 22, 1 934; 
Japanese patents/applications 1-313,568 dated Dec. 19, 1989; 64-79,277 dated March 24, 1989; 60-243,176 
dated Dec. 3, 1985; 60-243,157 dated Dec. 3, 1985; and Swiss Patentschrift 614,458 dated Nov. 30, 1979. 

Rendering a base-soluble material soluble by including ammonium hydroxide in an aqueous ink is a con- 
ventional technique. Illustrative teachings are U.S. Patent Nos. 3,891,581 to Argenio; Example XIII; found on 

25 column 13, of U.S. Patent No. 5,017,644 to Fuller and the foregoing U.S. 4,963,189 and European 356,080 
(these two references have much identical content). 

Disclosure Of The Invention 

30 This invention is a dye of the following structural formula which provides waterfast inks when dissolved 
in solvents comprising an aqueous or equivalent polar solvent mixture (e.g. water and alcohol mixture) and am- 
monia. 

Dye Structural Formula: 



40 




Wherein; 

45 R, is -H, -C0 2 M, CH 3 , -OR* CI; 

R 2 is -lower alkyl having 1-4 C atoms, 
-0 lower alkyl having 1-4 C atoms, 
-CH 2 C0 2 M 

R3 is -lower alkyl having 1-4 C atoms, 
50 R4 is -NH 2f -NHR 3 , -NHCH 2 C0 2 H, 
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Re is -H, -lower alkyl having 1-4 C atoms, -C0 2 M; 
M is H, NH 4 ; Na, K, Li 

and wherein the total number of -C0 2 M groups is 1 to 3. 
R6 is -H, -NH 2 

These dyes in the form of inks for drop-on-demand jet printing exhibit all the necessary properties for pro- 
ducing waterfast printed characters by the mechanism described in this disclosure: 1) they become water in- 
soluble below pH 6.0; 2) they produce intense black characters at only 2% dye concentration in the ink; 3) they 
are stable in aqueous ink formulations; and, 4) they do not clog the small orifices during non-use, thus providing 
good printhead maintenance when used for drop on demand printing. 

Moreover, these dyes have the added property of remaining black when printed on acid paper. Many black 
dyes turn brown on acid papers. 



Best Mode For Carrying Out The Invention 

15 The preferred dye of this invention has the structural formula: 



20 



25 



30 
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Wherein M is -H, -NH4, -Li, -Na, -K 

The preferred ink formula is as follows: 



Ingredient 


Weight in Grams 


Foregoing Dye (acid form) 


2 


2-Pyrrolidone 


5 


Sodium Phosphate 


0.1 


Water & 2N Ammonium 




Hydroxide to Bring pH to 8.6 


92.9 


Total 


100.0 



The ingredients readily dissolve with stirring: 
The pyrrolidone is a standard humectant or cosolvent to maintain the solubility of the dye. The sodium phos- 
phate tends to prevent clogging of printhead nozzles during periods of inactivity. 

The foregoing dye was selected because of its excellent maintenance (no clogging of ink jet nozzle during 
shutdown) coupled with excellent waterfastness and excellent color density. 

Waterfastness of printings from the preferred ink is 97% to ordinary water which is pH neutral, or to acidic 
water. Waterfastness is measured by controlled soaking in water of paper printed with the ink. The percent 
waterfastness is the percent of optical density retained after a five minute soak in deionized water, observed, 
for example, by an optical densitometer. • 

Alternative Dyes and Their Fabrication 
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Example 1 

The dye having the formula: 



3 



It *} 
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10 

Stepl 

5-Amino-isophthalic acid (9.64g, 0.05mole) was stirred in water (80ml) and the pH adjusted to 9.0 with 
2N NaOH. 2N NaN0 2 solution (26.8ml) was added with continued stirring. The solution (pH > 9.0) was slowly 
15 added to a mixture of water (50ml) and 38% HCI (27ml). The mixture was maintained at 40-50°C and stirred 
for 30 minutes. Excess nitrous acid was removed by adding a saturated solution of sulfamic acid. 

Cresidine (6.39g, 0.05mole) was dissolved in 25ml of water and 38% HCI (5ml). Solution was cooled to < 
5°C with ice. The cold (< 10°C) diazo solution was added to the cresidine solution and the pH raised to 2.8 
with 2N NaOH, with good stirring. The pH was maintained at 3.3 - 3.5 with sodium acetate solution. The tem- 
20 perature was maintained at < 1 0°C and the mixture stirred for 20 hours. The coupling mixture then was made 
alkaline with 2N NaOH to pH 8.0, producing an orange colored solution. 

Step 2 

25 2N NaN0 2 (31ml) was added to the solution from Step 1 and the temperature was adjusted to less than 
10°C by adding ice. 38% HCI (31ml) was added rapidly with stirring and the temperature maintained at < 5°C. 
The solution was stirred overnight Excess nitrous acid was removed by adding a saturated solution of sulfamic 
acid. Gamma acid (13.54g, 0.05mole) was placed in 80ml of water and the pH was adjusted to 9.0 by adding 
20g of Na 2 C0 3 and 37ml of 2N NaOH. The diazo was added to the gamma acid solution and a 20% Na 2 C0 3 

30 solution was added simultaneously to maintain the pH at > 9. Ice was added to maintain the temperature at 
5°C. Coupling was rapid to precipitate black dye in the form of its Na salt. Acidification gave precipitate in the 
free acid form, which was filtered and washed with dilute aqueous acid. This product was formulated as an 
ink, and used in a drop-on-demand printer as described in Example 7, giving excellent results. 

35 EXAMPLE 2 

The dye having the formula: 



40 



45 




p-Aminobenzoic acid (6.92g., O.OSmole) was diazotized conventionally and coupled with an equivalent 
amount of cresidine as in Example 1 . The amino group of the mono-azo intermediate thus formed was diazo- 
50 tized, also as in Example 1 , and coupled similarly at pH 9 with an equivalent amount of gamma acid to produce 
the black dye as the sodium salt This was converted to the free acid form by acidification, filtration and wash- 
ing with dilute aqueous acid. The resultant dye was formulated as in ink and gave excellent results when tested 
as described in Example 7. 

55 EXAMPLE 3 

The dye of structural formula: 



4 



• mt 
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10 m-Aminobenzoic acid (6.92g, 0.05mole) was diazotised conventionally and coupled to cresidine. The 1- 
diazo-2-methoxy-5-methyl-4-(3-carboxy phenylazo) benzene was coupled to gamma acid by the method of 
Example 1. Results of testing are given in Example 7. 

EXAMPLE 4 

15 

The dye of structural formula: 



20 




£-Aminobenzoic acid (6.92g, 0.05mole) was diazotized conventionally at 0-5°C in aqueous solution. 
2,5-dimethoxy aniline (7.8g, 0.05mole) was dissolved in 80ml of water and 38% HCI (20ml). The solution 
was cooled to < 5°C and the diazo added. The pH was raised to 4.0 and maintained with 2N NaOH with stirring 
30 for 1 6 hours. The pH was then raised to 10. 2N NaN0 2 (28ml) was added. 38% HCI (28ml) was added rapidly 
and the solution stirred at room temperature for 4 hours. The crystalline diazo was filtered. 

Gamma acid (13.6g, O.OSmole) was dissolved in 80ml of water at pH 9.0 using Na 2 C0 3 . The diazo paste 
was added and the coupling was stirred for 3 hours. The dye was then precipitated by adjusting the pH to 5.0 
with acetic acid. The precipitate was filtered and washed with 5% acetic acid, giving the free acid form of the 
35 dye. This was formulated as an ink and tested as described in Example 7 with excellent results. 

EXAMPLE 5 

The dye of structural formula: 

40 



45 




The dye from Example 4 was dissolved in 600ml of water and the pH adjusted to 9.0 with 2N NaOH. 2N 
NaN0 2 (28ml) was added and the solution cooled to < 5°C. 38% HCI (28ml) was added and the solution stirred 
for 3 hours with the temperature maintained at less than 10°C. Excess nitrous acid was removed with sulfamic 
acid. Anthranilicacid (7g, 0.05mole) was dissolved in 80ml of water and 15 ml of 38% HCI. The anthranilicacid 
55 solution was added to the diazo slurry and the mixture was stirred for 1 5 minutes. The diazo/anthranilic acid 
mixture was added to 240ml of chilled 20% Na 2 C0 3 solution and stirred overnight at pH approximately 7. The 
pH of the solution was lowered to 5.6 with acetic acid and the dye precipitated. The precipitate was filtered 
and washed with 5% acetic acid giving the free acid form of the dye. The dye was formulated as in ink and 
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tested as described in Example 7 with excellent results. 
EXAMPLE 6 

The dye of structural formula: 




The dye from Example 1, 0.05mole was dissolved in 600ml of water at pH 9.0 with 2N NaOH. Then 2N 
NaN0 2 (28ml) was added. The solution was cooled to < 5°C, and 28ml of 38% HCI rapidly added. The diazo- 
tization mixture was stirred for 4 hours. Excess nitrous acid was removed by adding sulfamic acid. 
m-Phenylene-diamine (5.5g, O.OSmole) was dissolved in 80ml of water with 38% HCI (15ml). The m-phenylene 
diamine solution was added to the diazo solution and cooled to 5°C. 240ml of 20 % Na 2 C0 3 solution was iced 
to 5°C, the diazo/m-phenylene diamine mixture added to the carbonate solution. After stirring for 2 hours, the 
pH was 7.5. The pH was raised to 8.5 with NaOH solution. The pH was lowered to 5.5 with acetic acid and 
the dye filtered. Washing with 5% acetic acid gave the free acid form of the dye which was tested as described 
in Example 7. 

EXAMPLE 7 

PRINTING TESTS 

A table of the waterfastness and non-clogging of the printhead nozzles with inks prepared using the dyes 
of Examples 1-6 is given below. Nozzles of a conventional drop on demand ink jet printer are left uncapped 
for six hours and then operated to determine clogging. 



Table A 



Dye 


% Waterfastness 


% of Nozzles Recovered after uncapped aging 


Dye Example 1 


92 


94 


2 


90 


100 


3 


97 


100 


4 


87 


100 


5 


100 


28 


6 


86 


94 



Example 4 was chosen as the best mode because of health and safety concerns with regard to the use 
of cresidine to make Examples 2 and 3. 

Waterfastness is measured by controlled soaking in water of paper printed with the ink. The percent wa- 
terfastness is the percent of optical density retained after a five minute soak in deionized water, observed, for 
example, by an optical densitometer. 

All of the dyes of the foregoing examples are intense black dyes soluble in water at basic pH. They maintain 
color fidelity even on basic paper. Because of their intensity, Ink formulas having about 2 percent by weight of 
dye, function well for ink jet printing with excellent waterfastness. The waterfastness achieved is a function of 
the paper or other substrate and of ordinary water being at neutral or acidic pH. Thus, the dye is insoluble at 
the pH of the test water applied to the printing and it remains in place as printing. 



Claims 

1. A dye of the structural formula: 
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where 

Ri is -H, -C0 2 M, -CH 3 , -OR 3 or C1 ; 

R 2 is alkyl, alkoxy or-CH 2 C0 2 M; 

R 3 is Ci_4 alkyl; 

R4 is -NH 2 , -NHR3, -NHCH 2 C0 2 H, or 



/-< Rs 

*6 



30 



(where R5 is -H, alkyl or -C0 2 M and Re is -H or -NH^ and M is H, NH 4f Na, K or Li, 
and wherein the total number of -C0 2 M groups is 1 to 3. 

2. The dye of claim 1 of the structural formula: 



35 



40 



45 



50 




CH 3 MQ-S 



3. The dye of claim 1 of structural formula: 



CH 3 MO^S^ 




4w The dye of claim 1 of structural formula: 
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MQDC 




10 



15 



5. The dye of claim 1 of structural formula: 



MQOC 




□CH 



3 ,w 3' 



6. The dye of claim 1 of structural formula: 



20 



25 



MOOC 




och 3 ho 3 s 



CQDM 



30 7. The dye of claim 1 of structural formula: 



35 



MOOC 



MQOC' 




CH 3 MG 3 S 



40 8. A dye according to any preceding claim in which M is NH 4 . 

9. A waterfast ink comprising a dye of any of claims 1 to 7 dissolved in a polar vehicle as the ammonium 
salt 



^ 1 0. A waterfast ink comprising by weight: 

(a) at least 1 % of a dye according to any of claims 1 to 8, 

(b) at least 2% of a cosolvent, and 

(c) water and ammonium ion bringing said ink to an alkaline pH sufficient to dissolve said dye in said 
ink. 



50 



11. An ink according to claim 9 or claim 10 in which the dye has one of the following formulae: 



55 
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12. An ink according to claim 9 or claim 10 in which the dye is the compound as defined in claim 5 in which 

9 



EP 0 539 178 A2 

M is NH 4 . 

An ink according to any of claims 9 to 12 which includes 2-pyrrolidone as a cosolvent. 
An ink according to any of claims 9 to 13 in which said dye is about 2% by weight of said ink. 
An ink according to any of claims 9 to 14 having a pH of about 8.6. 

An ink according to any of claims 9 to 15 which contains about 5% by weight of 2-pyrrolidone. 

10 
15 
20 
25 
30 
35 
40 
45 
50 



13. 

5 14 « 
15. 

16. 
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